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Abstract of GB1297476 

1297476 Microgranulate FARBENFABRIKEN BAYER AG 19 April 1971 [4 March 1970] 22308/71 
Heading A5B [Also in Division B8] Solid, free-flowing, substantially spherical particles (microgranulates) 
are prepared by dispersing or dissolving an "active" material in a solution of a cellulose ester in a glycol 
ether and introducing discrete droplets of the resultant into water whereby the glycol ether is given up to 
the water and the droplets become solidified and may be separated. Suitable cellulose esters are: 
cellulose acetate, propionate, propionate acetate and butyrate acetate preferably having 2.2 to 2.6 acyl 
radicals per anhydroglucose unit. Suitable glycol ethers are mono- and di-alkyi ethers of aliphatic glycols 
having 1 to 6 carbon atoms in the alkyi group. Examples relate to processes in which the "active" material 
is: aspirin, paraffin oil, TiO 2 and the compound (CH 3 O) 2 PO (CHOH-CCI 3 ). 
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(54) A PROCESS FOR THE PRODUCTION OF 
iVIICROGRANULATES 



(71) We, FARBENFABRIKEN BAYER 
AKTIENGESELLSCHAFT, a body corpor- 
ate organised imder the laws of Germany of 
509 Leverkusen^ Germany, do hereby declare 
5 the invention^ for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by tiie following states 
ment: — 

10 This invention relates to a process for the 
production of a microgranulate. 

JVlicrocapsules comprising hy(koph6bic or 
hydrophilic core substances and polymeric 
diclls have recentiy been acquiring consider- 

15 able interest because they enable the aicaj^- 
ated core substances to be libei^ted u^der pre- 
determined specific conditions. 

Gelatin coacervates applied from aqueous 
media may be used as the shell material, in 

20 which case hydrophilic shells are formed. 

Microcapsules with hydrophobic shdls are 
more diflScult to produce. Shells of this kind, 
however, are of particular interest for the 
encapsulation of water-soluble core si&stances?. 

^ Capsoles of this kind can be obtained by pro- 
cesses wherein the core material, in some 
instance even in the form; of a solution^ is 
dispersed in a solution of a capsule-forming 
polymer, and a second solvent is added to 

30 reduce the solubility of the polymer to such 
an extent that a polymer-ridi phase (coacerv* 
ate) is fonned. This coacervale can envelop 
the dispersed particles or droplets so that, 
after isolation and drying, capsules with hydro- 

35 phobic shells and, for example^ hydrophilic 
contents are obtained. Suitable pairs of sol- 
vents combined with dffierent polymers are 
described in British Patent Si^cific^tion No. 
931,148. Unfortunately, working with solvent 

40 mixtures of tius kind is by no means rational 
and involves high costs. In addition, this pro- 
cess is restricted in its application because the 
solvents must be adapted to the core material. 
In another known process for the produc- 

45 tiou of capsides with hydrophobic shdls, the 
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substances to be encapsulated are dispersed 
in a solution of a polymer which is suitable 
for sheU formation, and the resulting disper- 
sion is dispersed in a second liquid. The first 
liquid (solvent for the polymer) should not 50 
be misdble with the second liquid, whilst the 
polymer should not dissolve in the second 
liquid so that, when the polymer solution 
containing the dispersed core material is 
itself, dispersed in the second liqm'd, the 55 
polymer is precipitated and deposited on to 
the surface of the particles to be encapsul- 
ated (Dutch Patent Application 68 11852). 

As can readily be demonstrated by experi- 
ments, the two solvents mix so quickly in 60 
practice; that the polymer is precipitated in 
the form of filaments, lumps or strands and 
is no longer available for enveloping the dis- 
persed particles. The Examples of Dutch 
Patent Application 68 11852 show that tiiis 65 
can be prevented to some extent by dissolv- 
ing in the second liquid a substance, for 
example even a polynier, which is able to 
enter into an intserfadal reaction with the 
shell-forming polymer in the fim liqm'd. In 70 
this way, the two solvents mix more slowly 
and usefiil capsule formation is possible. In 
this process, however, solvent mixtures con- 
taminated by the shell-forming polymers are 
formed as secondary products, and they are 75 
difficdt to work up. 

The present invention relates to a process 
for the production of a solid, free-flowing, 
substantially spherical microgranulate, 
wherein a solid or liquid material is dispersed 80 
or dissolved in a solution of a cellulose ester 
in a water-miscible glycol ether, discrete 
dr(^lets of the resulting dispersion or solu- 
tion arc inttioduced into water, whereby the 
droplets harden due to loss of the glycol 85 
ether, and the substantially spherical micro- 
granulate fonned is separated. 

Examples of water-misdble glycol ethers 
suitable for use in the process according to 
the invention iochide monoalkyl and dialkyl 90 
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ethers of aliphatic .glycols, sadi as ethylene 
gjycol, ETopylene glycol or' butylene glycol, 
Contaking 1 to 6 carbon atoms in the eiher 
alkyl group, ethj^ene glycol mononiethyl 
5 ether 

CH^O^-CHg— CH2OH, 

diethylene glycol 

HOaioCHs— OCH2CH2OH 

and ethylene glycol monoethyl ether. 

10 Examples of suitable cellulose esters 
include esters of cellulose with one or more 
aliphatic monocaiboxyhc adds having pre- 
ferably 1 to 6 carbon atoms, such as cdlu- 
lose acetate, cellulose propionate and mixed 

15 esters such as cellulose propionate acetate or 
even cellulose buiyrate acetate. The aqrl con- 
tents of the cellulose esters preferably corre- 
spond to degrees of substitution of from 2.2 
to 2.6 acyl radicals per anhydroglucose unit. 

20 It was surprising that substantially sidieii- 
jcal microgranulate particles having solid 
shells should be formed by the procedure 
according to the invention or, more gener- 
ally, by introducing pre-formed partides of 

•25 the organic phase into the aqueous phase. 

The procedure according to die invention 
is limited to die glycol ether/cellulose ester 
system. If, for example, the cdlulose ^ter 
is replaced by ediyl cellulose^ it is not po&- 

30 sible to obtain spherical partides, even when 
dispersions in water prepared therefrom are 
introduced in the form of preformed par- 
tides, since the particles expand and break 
up into fibres on entering water. The same 

35 happens when other solvents, for example 
ketones^ are used instead of the aforemen- 
tioned ^ycol ethers. 

The process according to the invention 
can be carried out as follows: the starting 

40 material is a preferably 2 to 30% by wdgjit, 
and most preferably 3 to 15% by weigjit, 
solution of the cellulose ester in the glycol 
etfier. The core material to be encapsulated 
or embedded is dispersed or dissolved in 

45 this solution using the conventional mixers 
induding, when di^jersions are prepared, 
vibro-mixers, hi^ speed stirrers and odier 
homogenisers. The quantity of core material 
which is dispersed or dissolved is preferably 

50 from 30 to 90% by wdght, based on the 
weight of polymer solution. In general, the 
quantitative proportions are selected in 
accordance with the required ratio between 
cdlulose ester and encapsdated cote material, 

55 because there are hardly any losses of poly- 
mer or core material in the process accord- 
ing to the invention. Amounts of cdlulose 
ester of from 5 to 70% by weight, based on 
the microgranulates are suflSdent for most 

60 applications. 

Solid or liquid, hydro«phobic or hydro- 
philic, inorganic or oiganic^ substances can 



be encapsulated or embedded by the process 
acceding to die invention. From tiiis wide 
variety, die following groups of substances 65 
are mentioned by way of example; phar- 
maceuticals and plant-protection agents, 
foodstuffs and food additives (for example 
aioma substances or q)ices), odorants, dyes 
(for example morganic or organic pignients, 70 
dye solutions or pastes), chemicals, lubricants 
and greases (for example oils), adhesives, ami 
bondmg agents. It is, of course, also possible 
to encapsulate mixtures of these subkances. 

Pie-formed particles of the dispersion or 75 
solutions of the core substance in die ethy- 
lene glycol ether/cdlulose ester solution are 
introduced into water with gende mixing by 
known means (e.g. stirrers or recirculating 
pumps). Preferably, die dispersions or solu- oU 
tions are initially si^yed in air, by means 
of single-component or two-component 
nozzles, so tiiat preformed partides with a 
predetermined particle diameter are formed, 
and are subsequently introduced into the o5 
optionally stirred or mixed aqueous phase, 
which can also be part of a flowing system. 
. In the most simple mstance of spraying by 
means of a single-component nozzle on to 
the surface of the water, it is necessary to 
sdect the favourable distance between the 
orifice of the nozzle and the surface of the 
water for the formation of spherical particles. 

If the gap is too narrow, large and only 
pardy coherent droplets are formed which 
readfly burst on contaa with the surface, so 
that the partide size distribution of the par- 
tides formed is very wide. If the gap is too 
large, deformed rather than spherical particles 
are formed, . 

The size of the primary particles is 
governed by the viscosity of the solution or 
diqj^ion from which they are produced (i.e. 
the type and quantity of solvent, cellulose 
ester and shdi substance) and by the manner 105 
in which they are produced (in the case ot 
spraying, for example, by the nozzle diameter 
and the spraying pressure). 

The partides entering into the aqueous 
phase very quickly lose tiieir solvent, accom- HO 
panied by a decrease in the diameter of the 
primary particles. In general, residence times 
in pure water of from 5 to 10 minutes are 
long enough for most of the solvent to be 
transferred into the aqueous phase and for 115 
sheU hardenii^ to take place. With aqueous 
phases in whidi solvents are already present, 
the solvent is transferred slightly more 
slowly. 

In prindple, the operations described 120 
above can be carried out at temperatures of 
from 5 to 90°C, although as a rule they are 
carried out at temperatures of from 15 to 
40°C. 

After the shells have hardened to a suffi- 125 
dent extent, the spherical particles can be 
separated off from the water. .They may 
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opdanally be wadied with more water in 
order to remove residtral solveat^ if aiqr. 
' The sq>arated pardcks are Aen dried, for 
example in a stream of air or even in vacua, 

5 at a tempeiatuTC trf from 50 to 100°C. The 
drying conditions have to be adapted to die 
content^ of die capsule (e.g. baling point 
or melting point) to prevent die paitides 
•fromi being destroyed whh c(msequent release 

10 of the core substance. 

The spherical parades obtained contain 
die core material in die f om of anall drc^ 
lets or particles embedded^ or even to some 
extent dissolved, in the polymer. The size of 

15 die enveloped droplets or particles can be 
varied by control of die dispersion opera- 
tion. 

G>re substances which were dissolved in 
the glycol edier are g^erally deposited in 
20 fine distribution during emergence of the 
solvent 

The size of the sjdierical pardcl«, i.e. of 
the microgranulatei is governed by die afore- 
mentiofned parameters. Particle sizes of from 
25 50 fi to several millimetres can readily be 
obtained. 

The microgranalates have a complete 
outer skin which can even be made poroiKi 
with low polymer and hi^ solvent contents. 

30 The microgranulates prodirced in accord- 
ance widi the invention have coisidwable 
significance in the administration or appli- 
cation of substances whose release is intended 
to be delayed (for example pharmaceuticals 

35 or plant protection agents) or which are 
intended to be released under special condi- 
tions such asj for example, pressure, tem- 
perature increase, or solvent addition. 

Example 1 

40 20 Parts by weight of acetyl salicylic add 
were dissolved in a solution of 5 parts by 
weight of acetyl cellulose (molecular weigjit 
9.10*, degree of substitution 2.5 acetyl groups 
per anhydroglucose unit) and 95 parts by 

45 wdght of ethylene glycol monomediyl ether. 
This solution was added dropwise, by means 
of a nozzle having am internal diameter of 
0.2 mm under a pressure of 1.5 atms., to 
300 parts by weight of water, kept in gende 

50 motion by means of a stirrer, the nozzle 
orifice being situated 15 cm above the sur- 
face of the water. The droplets entering die 
water (diameter approximatdy 1.5 to 2 mm) 
immediately became coated with a skis, and 

55 the solvent issued in the form of streaks. 
After a residence time of 30 minutes, the 
spherical particles were sifted off and dried 
in an air stream at 40°C. 
25 Parts by weigjit of microgranulate with 

60 a particle diameter of 0.8 mm were obtained 
OHnprising solid, impervious sbells vdiidi 
contained in dieir interiors fine acetyl sali- 
cylic add crystals \diidi were sepaiatal from 
one another by the polymer. 



A microgranulate having an average par- 65 
tide diameter of 02 mm was obtain^ for a 
noiZ2le diameto' of 0.15 mm and a spray- 
ii^ pressure of 3 atms. 

Example 2 
(Comparison). 70 
The same solution as in Example 1 was 
poured into water with vigorous stirrii^ 
rather tfaao being added diopvnse to water 
by means of a nozzle. Amorphous lumps, 
filaments and strands were formed. Some of 75 
die acetyl salicylic add was tranrferred into 
the aqueous phase. 

Example 3 
8 Parts by wdght of parafiSn oil (drop- 
let size 10 to 20 ft) were emulsified by means 80 
of a higji speed stirrer in a solution of 8 
parts by weight of cellulose propionate 
acetate (molecular weight approximately 10^, 
propionate residues expressed as propionic 
add 57%, acetyl residues expressed as acetic 85 
add 5%) in 92 parts by wdght of edi]^ene 
glycol monomethyl ether. This emulsion was 
introduced into 350 parts by weight of stirred 
water through ai nozzle (internal diameter 
02, paying pressure 4 atms.) arranged at 90 
a distance of 20 cm. After 30 minutes, the 
spherical partides were separated off and 
dried in an air stream at 40°C. 16 parts by 
wd^t of microgranulate having an average 
parade diameter of 0.4 mm were obtained. 95 
The partides contained the oil droplets separ- 
ated from one another by polymer walls. 

Example 4 

12 Parts by wdght of titanium dioxide 
(particle size 20 to 40 fi) were dispersed by 100 
means of a high speed stirrer in a solution 
of 6 parts by weight of ceUulose butyrate 
acetate (moteodar wdght 7 to 8.10*, butyrate 
groups expressed as butyric add 45%, acetyl 
groiqjs expTKsed as acetic acid 20%) in 96 105 
parts by we%ht of diefliylene glycol (2,2'- 
dihydroxydiethyl ether). This dispersion was 
introduced into 200 parts by wd^t of water 
through a 0.5 mm nozzle arranged at a dis- 
tance of 50 cm under a sprayii^ pressure of 110 
3 atms. After a residence time of 20 minutes, 
the spherical paitides were separated off 
and dried in vacua at 30°C 

18 Parts by wdght of a microgranulate 
having a particle diameter of from 0.5 to 0.7 115 
mm were obtained, containing die individual 
titanium dioxide particles embedded in the 
polymer matrix. 

Example 5 

(Comparison) 120 
The procrfure was as described in 
Examjie 1, except diat ediyl cellulose (mole- 
cular wdght 5.10^^) was used as the polymer 
instead of the acetyl cdlulose, under other- 
wise the same spraying conditicms. It was 125 
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impossible to obtain microgranulate; instead, 
, the droplets enteriiig the waiter broke up and 
the polymer was precipitated in the form of 
fibres and strands. 

5 Example 6 

(Comparison) 
The procedure was as described in 
Example 3, except that butanone was used 
as the solvent Spraying of the corresponding 

10 emidsion under the same conditions did not 
produce spherical particles with a solid shell; 
instead, the droplets broke up on entering 
the water and tiie polymer was precipitated 
in the form of strands and filaments. 

15 Example 7 

260 Parts by weight of the phosphorus 
compound 

(CH30)oP0(CH0H— CQa) 

were dissolved in a solution of 40 parts by 
20 weight of acetyl cellulose (molecular weight 
of 3.10^, acetyl groups expressed as acetic 
acid 53%) in 700 parts by weight of ethy- 
lene glycol monometiiyl ether, and the result- 
ing solution was cooled to 0°C. This solution 
25 was introduced through a nozzle (internal 
diameter 1 mm> spraying pressure 1 atm,) 
from a height of 20 cm- into 2000 parts by 
weidit of water which were mixed and which 
had a temperature of O^C. The spherical 
30 particles were separated off after a residence 
time of 25 minutes and dried in vacua at 
350c. 98 Parts by weight of microgranulate 
having a particle diameter of 1.5 mm were 
obtained. 

35 WHAT WE CLAIM IS: — 

1. A process for the production of a solid, 
free-flowing, substantially spherical micros 
granulate, wherein a solid or liquid material 
is dispened or dissolved in a solution of a 

40 cellulose ester in a water-miscible glycol 
ether, disaete droplets of the resulting dis- 
persion or solution are introduced into water, 
whereby the droplets harden due to loss of 
the glycol ether, and the substantially spheri- 

45 cal microgranulate formed is separated 



2. A process as claimed in claim 1 \dierein 
the glycol ether is a monoalkyl or dialkyl 
e±er of an aliphatic glycol havii^ 1 to 6 
carbon atoms in the alkyl group or diediylene 

glycol. • 1 -> 

3. A process as claimed in daun 1 or 2 
wharein die cellulose ester is an ester of 
cellulose with one or more aliphatic mono- 
carboxjdic adds having 1 to 6 carbon aton^. 

4. A process as daimed in daim 3 wherein 
the cellulose ester is cellulose acetate, cellu- 
lose propionate, cellulose propionate acetate 
or cellulose butyrate acetate. 

5. A process as daimed in any of daims 
1 to 4 wherein the cellulose ester has from 
2.2 to 2.6 acyl radicals per anhydroglucosc 
unit. . 

6. A process as daimed in any of clauns 

1 to 5 wherein the solution comprises from 

2 to 30% by wei^t of the cellulose ester in 
the glycol ether. ^ . 

7. A process as daimed in daim 6 wherein 
the solution comprises from 3 to 15% by 
wdght of the cellulose ester in the ^ycol 
edier. . 

8. A process as claimed in any of dauns 
1 to 7 wherein the quantity of core material 
is from 30 to 90% by weighty based on the 
solution of cellulose ester in glycol ether. ^ 

9. A process as daimed in any of daims 
1 to 8 wherem die temperature is from 5 to 
90^C. ^ . 

10. A process as claimed in claim 9 wherein 
the temperature is from 15 to 40°C. 

11. A process as daimed in daim 1 sub- 
stantially as hereinbrfore described. 

12. A process as daimed in daim 1 sub- 
stantially as described widi reference to any 
of Examples 1, 3, 4 and 7. 

13. MiCTogranulates when produced by a 
process as daimed in any of the preceding 
clahns. 



ELKINGTON & FIFE, 
Chartered Patent Agents, 
Hi^ Holbom House, 
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